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CURRENT DETECTION UNIT OF INVERTER 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a current detection unit of an inverter which 

outputs a pseudo three-phase AC power, converted from a DC power by pulse width modulation 
control (hereinafter "PWM control") by a chopping wave comparison method. The inverter 
outputs the AC power to a load, such as a motor or a transformer. More specifically, the 
invention relates to a current detection unit which detects a three-phase current output from the 
inverter to the load by measuring a DC current flowing in the inverter. 

2. Description of Related Art 

[0002] Fig. 1 depicts an example of a known motor control unit using an inverter. In Fig. 

1, a three-phase current is applied from an inverter 2 to a three-phase, brushless motor 1. A DC 
current is applied to inverter 2 from a DC power source 3. Inverter 2 is driven by a drive unit 4, 
and drive unit 4 is controlled by a control unit 5. The DC current applied to inverter 2 is detected 
by a DC current sensor 6, and the detected signal is sent to control unit 5 through an A/D 
converter 7. 

[0003] Inverter 2 has three pairs of switching elements Us, Xs, Vs, Ys, Ws, and Zs, each 

comprising a transistor and the like. Us, Vs, and Ws are upper switching elements; and Xs, Ys, 
and Zs are lower switching elements. Through on/off control of the respective switching 
elements; in response to the PWM signals from drive unit 4, inverter 2 converts the DC power 
sent from DC power source 3 into a pseudo three-phase AC power and outputs the AC power to 
respective coil phases Uc, Vc, and Wc of motor 1. DC current sensor 6 is provided for 
measuring a DC current flowing in the power source wire of inverter 2 (hereinafter "power 
source current Idc"), and the measurement signal thereof is input to control unit 5 after that 
signal is A/D converted at A/D converter 7. 

[0004] Three pairs of switching elements of inverter 2 are on/off controlled in response 

to PWM signals from control unit 4, and the on/off conditions may be classified into eight (8) 
configurations depicted in Figs. 2A to 2H. In Figs. 2A to 2H, each switching element is 
depicted as a simple switch for better understanding of the on/off condition control. Further, in 
Figs. 2A to 2H, Idc indicates a power source current, Iu indicates a U-phase current output to U- 
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phase coil Uc of motor 1, Iy indicates a V-phase current output to V-phase coil Vc of motor 1, 
and Iw indicates a W-phase current outputted to W-phase coil Wc of motor 1, respectively. 
[0005] In the configuration depicted in Fig. 2A, because Xs, Ys, and Zs are ON and Us, 

Vs, and Ws are OFF, power source current Idc becomes zero. In the configuration depicted in 
Fig. 2B, because Us, Ys, and Zs are ON and because and Xs, Vs, and Ws are OFF, power source 
current Idc becomes Idc=Iu (=-Iv-Iw). In the configuration depicted in Fig. 2C, because Xs, Vs, 
and Zs are ON and because Us, Ys, and Ws are OFF, power source current Idc becomes Idc=Iv 
(=-Iu-Iw). In the configuration depicted in Fig. 2D, because Us, Vs, and Zs are ON and because 
Xs, Ys, and Ws are OFF, power source current Idc becomes Idc=Iu+Iv (=-Iw). In the 
configuration depicted in Fig. 2E, because Xs, Ys, and Ws are ON and Us, Vs, and Zs are OFF, 
power source current Idc becomes Idc=Iw (=- Iu-Iv). In the condition depicted in Fig. 2F, 
because Us, Ys, and Ws are ON and because Xs, Vs, and Zs are OFF, power source current Idc 
becomes Idc=Iw+Iu (=-Iv). In the configuration depicted in Fig. 2G, because Xs, Vs, and Ws 
are ON and because Us, Ys, and Zs are OFF, power source current Idc becomes Idc=Iv+Iw (=- 
Iu). In the configuration depicted in Fig. 2H, because Us, Vs, and Ws are ON and because Xs, 
Ys, and Zs are OFF, power source current Idc becomes zero. 

[0006] Specifically, by measuring the power source current Idc in the respective 

conditions, except the conditions depicted in Figs. 2A and 2H, Iu in the conditions depicted in 
Figs. 2B and 2G, Iv in the conditions depicted in Figs. 2C and 2F, and Iw in the conditions 
depicted in Figs. 2D and 2E, are obtained as respective phase currents, respectively. Therefore, 
three phase currents Iu, Iv, and Iw may be determined by measuring power source current Idc 
under either of two variations on each of three configurations of Fig. 2B or 2G, Fig. 2C or 2F, 
and Fig. 2D or 2E. 

[0007] The timing chart depicted in Fig. 3 shows a known current detection method 

based on the above-described concept (for example, Japanese Patent No. 2,563,226 or JP-A-10- 
155278). In Fig. 3, BTW indicates a reference chopping wave with a predetermined frequency, 
SVw indicates a comparison reference signal for setting a W-phase output, SVv indicates a 
comparison reference signal for setting a V-phase output, and SVu indicates a comparison 
reference signal for setting a U-phase output. Similarly, OSu indicates a U-phase output set by 
reference chopping wave BTW and comparison reference signal SVu, OSv indicates a V-phase 
output set by reference chopping wave BTW and comparison reference signal SVv, and OSw 



DC0 1:374634.1 



-2- 



PATENT 

ATTORNEY DOCKET NO. 018842.1278 

indicates a W-phase output set by reference chopping wave BTW and comparison reference 
signal SVw. 

[0008] In this current detection method, power source current Idc is measured at a time 

corresponding to one switching condition among the above-described conditions depicted in Figs. 
2B to 2G, and one phase current is detected. The power source current Idc is measured at a time 
corresponding to a switching condition different from the above-described switching condition, 
and another phase current different from the above-described phase current is detected. The 
remaining, one phase current is calculated from the detected, two phase currents, thereby 
accomplishing the desired current detection. 

[0009] In the above-described, known current detection method, however, because power 

source current Idc is measured basically at a time at which the switching condition is switched, 
as shown in Fig. 3, when two measurement times tl and t2 are close to each other, it may be 
difficult to measure the power source current Idc at the first measurement time tl. 
[0010] Specifically, as shown in Fig. 4, in a case in which a signal Is for switching the 

on/off condition of an arbitrary pair of switching elements is sent from drive unit 4 to inverter 2, 
an upper switching element USE is switched from ON to OFF at a time later than a time at which 
the signal is switched from a high level to a low level, a lower switching element LSE is 
switched from a low level to a high level at a time later than the above-described time, and as a 
result of this switching operation, the power source current Idc varies. Further, because the 
measurement signal of DC current sensor 6, which comprises a resistance and the like, is output 
to control unit 5 after being A/D converted by A/D converter 7, a time delay occurs in obtaining 
the A/D converted output (shown as "A/D" in Fig. 4) and accompanies the variation of the 
power source current Idc. Because the time td shown in Fig. 4 becomes about on and one half 
micro (1.5|a) seconds in the situation in which a general insulated, gate bipolar transistor (IGBT) 
element is used as a switching element, a time interval of at least about td is required between 
measurement times tl and t2 in order to accurately measure the power source current Idc at 
measurement time tl. Therefore, when the time difference between measurement times tl and t2 
are less than the time td shown in Fig. 4, even if the power source current Idc is measured at 
measurement time tl, the measured value may include an error. 

[0011] Further, in the above-described, known, current detection method, because the 

power source current Idc is measured at a time at which the switching condition is switched, if 
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the duty ratios of the respective phase outputs vary, the measurement interval INT shown in Fig. 
3 increases or decreases, and, therefore, it may be difficult to obtain phase current information 
over a consistent measurement period. 
SUMMARY OF THE INVENTION 

[0012] Accordingly, it is an object of embodiments of the present invention to provide a 

current detection unit of an inverter, which accurately obtains information of a phase current, 
which is output from an inverter to a load, such as a motor, at a consistent measurement period. 
[0013] A current detection unit of an inverter according to the present invention is 

disclosed herein. The current detection unit of an inverter has an inverter that outputs a pseudo 
three-phase AC power, converted from a DC power by PWM control due to chopping wave 
comparison method, to a load, such as a motor or a transformer, and means for measuring a DC 
current ( e g. r an ammeter) flowing in the inverter. The current detection unit detects a three- 
phase current output from the inverter to the load by measuring the DC current flowing in the 
inverter. The current detection unit comprises a measurement time setting means ( e.g. , a clock) 
for setting a measurement time of the DC current at at least one of an uppermost point and a 
lowest point of a reference chopping wave with a predetermined frequency; and a phase current 
detection means for detecting at least two phase currents from respective DC currents measured 
at two or more measurement time, one subsequent to the other. 

[0014] In an embodiment of the current detection unit, the current detection unit further 

may comprise a phase output setting means for setting a three-phase output wherein one phase is 
set fixedly at a low level or a high level, another phase is set at an active-high setting and a 
remaining phase is set at an active-low setting. 

[0015] In another embodiment of the current detection unit, the current detection unit 

further may comprise a phase output setting means for setting a three-phase output wherein one 
phase is set at one of an active-high setting and an active-low setting, and the other two phases 
are set at the other of the active-high setting and the active-low setting. 

[0016] In a further embodiment of the current detection unit, the phase current detection 

means may measure a DC current at two measurement times, one subsequent to the other, detects 
one phase of current from a current measured at one of the two measurement times, and detects 
another phase of current from a current measured at the other measurement time. 
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[0017] In a still further embodiment of the current detection unit, the current phase 

detection means may measure a DC current at three or more measurement times sequential to 
each other, and estimates phase currents, which is not detected by predetermined measurement 
times, based on currents measured at the respective measurement times. 

[0018] In the current detection unit of an inverter according to the present invention, the 

current phase detection means may determines a phase of current, which is not measured at a 
predetermined measurement times, by inverting at least one phase output at the predetermined 
measurement time. 

[0019] Further, in the current detection unit of an inverter according to the present 

invention, by inverting at least one phase output at three measurement times sequential to each 
other, the current phase detection means may determine a phase current, which may not be 
measured at a central or second measurement time. 

[0020] In the above-described current detection unit of an inverter according to the 

present invention, by setting a measurement time of the DC current at at least one of an 
uppermost point and a lowest point of a reference chopping wave with a predetermined 
frequency, the measurement of current may be accomplished at a center in the relatively high 
level zone or a center in the relatively low level zone in each phase output. Therefore, even if 
the measurement times are set at all of the uppermost points and all of the lowest points of the 
reference chopping wave, a time difference sufficient to enable the measurement of current may 
be ensured between two measurement times sequential to each other. Consequently, even if the 
power source current is measured at the respective measurement times, the measured values may 
not generate errors, and the respective phase currents may be detected with a high degree of 
accuracy. 

[0021] Further, because the measurement time of the DC current is set at at least one of 

an uppermost point and a lowest point of a reference chopping wave with a predetermined 
frequency, even if the duty ratio of each phase output varies, the measurement time may not vary. 
Therefore, the phase current may be detected by measuring the power source current at a 
constant period according to the frequency of the reference chopping wave. By carrying out the 
measurement of phase current at a constant period, the stability for driving a load by the inverter 
may be improved. 
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[0022] Further objects, features, and advantages of embodiments of the present invention 

will be understood from the following detailed description of preferred embodiments of the 
present invention with reference to the accompanying figures. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Embodiments of the invention now are described with reference to the 

accompanying figures, which are given by way of example only, and are not intended to limit the 
present invention. 

[0024] Fig, 1 is a schematic circuit diagram showing an example of a motor control unit 

using an inverter. 

[0025] Figs. 2A-2H are schematic circuit diagrams showing switching conditions of an 

inverter of the motor control unit depicted in Fig, 1. 

[0026] Fig. 3 is a timing chart showing a known method for detecting a current. 

[0027] Fig. 4 is a diagram showing a time interval for measuring a current. 

[0028] Fig. 5 is a flow chart showing a detection of current according to an embodiment 

of the present invention. 

[0029] Fig. 6 is a timing chart showing a detection of current according to an 

embodiment of the present invention. 

[0030] Fig. 7 is a timing chart showing a detection of current according to a modification 

of the embodiment depicted in Fig. 6. 

[0031] Fig. 8 is a timing chart showing a detection of current according to another 

modification of the embodiment depicted in Fig. 6. 

[0032] Fig. 9 is a timing chart showing an example in which a U-phase output is fixed at 

a higher level in the embodiment depicted in Fig. 6. 

[0033] Fig. 10 is a timing chart showing a detection of current according to another 

embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0034] A motor control unit including the present invention may have substantially the 

same circuit structure as that depicted in Fig. 1, except for operation for detection of current in 
control unit 5. Therefore, the same names and labels as those used in the explanation of Fig. 1 
will be used in the following explanation, as needed. 
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[0035] The detection of current according to the present invention may be carried out 

based on the flow chart depicted in Fig. 5. First, respective phase outputs OSu, OSv, and OSw 
are set using a reference chopping wave BTW and respective comparison reference signals SVu, 
SVv, and SVw (step SI). A measurement time (measurement times) is (are) then set (step S2). 
Power source current Idc is measured at the set measurement time (step S4), the power source 
current data after A/D conversion is stored (step S5), and these operations are repeated until such 
time that the incremented number of repeated measurement times V reaches a set number of 
measurement times "N" (steps S3-S7). When the number of the measurement times "h" reaches 
the set number of measurement times "N," a phase current is detected based on the stored data 
(step S8). Thus, the detection of current may be accomplished. 

[0036] An embodiment of the detection of current now is explained referring to a timing 

chart depicted in Fig. 6. 

[0037] First, using a reference chopping wave BTW with a predetermined frequency, a 

comparison reference signal SVw for setting a W-phase output, a comparison reference signal 
SVv for setting a V-phase output, and a comparison reference signal SVu for setting a U-phase 
output are determined relative to the reference chopping wave BTW. In this embodiment, in 
order to accomplish so-called PWM control due to two phase modulation wherein one of the 
three-phase outputs is fixed at a low level or a high level, the comparison reference signal SVu 
for setting the U-phase output is set at the lowest point of the reference chopping wave BTW. 
[0038] Next, U-phase output OSu, V-phase output OSv, and W-phase output OSw are set 

by a chopping wave comparison method. As aforementioned, because the comparison reference 
signal SVu for setting the U-phase output is set at the lowest point of the reference chopping 
wave BTW, U-phase output OSu is fixed at a low level. V-phase output OSv is set, so that it 
reaches a low level when the reference chopping wave BTW is greater than comparison 
reference signal SVv, and V-phase output OSv reaches a high level when the reference chopping 
wave BTW is less than comparison reference signal SVv. W-phase output OSw is set, so that it 
reaches a high level when the reference chopping wave BTW is greater than comparison 
reference signal SVw, and W-phase output OSw reaches a low level when the reference 
chopping wave BTW is less than comparison reference signal SVw. Hereinafter, an output 
setting method, such as setting of V-phase output OSv, is referred to as "active-low setting," and 
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an output setting method, such as setting of W-phase output OSw, is referred to as "active-high 
setting." 

[0039] After respective phase outputs OSu, OSv, and OSw are set thus, voltages are 

applied to respective coil phases Uc, Vc, and Wc of three-phase, brushless motor 1, according to 
the respective phase outputs OSu, OSv, and OSw. Then, measurement times T1-T6 are set in 
chronological sequence to all of the uppermost points and all of the lowest points of reference 
chopping wave BTW, and power source current Idc is measured at two measurement times Tl 
and T2 sequential to each other in the first period. The measurement signals of DC current 
sensor 6 at respective measurement times Tl and T2 are A/D converted by A/D converter 7, and 
thereafter, these signals are stored as power source current data at the respective measurement 
times Tl and T2 in a memory (not shown) in control unit 5. 

[0040] Because U-phase output OSu and V-phase output OSv are low levels, and 

because W-phase output OSw is high level at measurement timing Tl, power source current Idc 
measured at the measurement time Tl becomes Idc=Iw (W-phase current), and the measurement 
of current at that time is accomplished at a center of the high level interval of W-phase output 
OSw. Further, because U-phase output OSu and W-phase output OSw are at low levels and 
because V-phase output OSv is high level at measurement time T2, power source current Idc 
measured at measurement time T2 becomes Idc=Iv (V-phase current), and the measurement of 
current at that time is accomplished at a center of the high level interval of V-phase output OSv. 
[0041] Next, respective phase currents Iu, Iv, and Iw are detected based on the power 

source current data stored in the memory. Because a chopping wave with a relatively high 
frequency in a range of about 5 kHz to about 20 kHz generally is used as a reference chopping 
wave BTW for PWM control, in this embodiment, measurement times Tl and T2 may be treated 
as a occurring at substantially the same time, and respective phase currents Iu, Iv, and Iw are 
detected at that time. 

[0042] As described above, because power source current Idc measured at the 

measurement time Tl is W-phase current Iw and because power source current Idc measured at 
the measurement time T2 is V-phase current Iv, it is not necessary to determine W-phase current 
Iw and V-phase current Iv by calculation. Further, because the sum of U-phase current Iu, V- 
phase current Iv, and W-phase current Iw always is zero, the remaining U-phase current Iu may 
be derived from the equation of Iu+Iv+Iw=0 as the equation of Iu=-Iv-Iw. 
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[0043] Because the number of setting times "N" in step S7 depicted in Fig. 5 is set at two 

(2), power source current Idc is measured successively at two measurement times T3 and T4 
sequential to each other in the next period, and in a similar manner described above, the 
measurement times T3 and T4 may be treated as a substantially the same time interval, and 
respective phase currents Iu, Iv, and Iw at the time are detected. Hereinafter, similar detection of 
current is continued. In motor drive control due to PWM control, because there is also a control 
method in which only two currents among respective phase currents Iu, Iv, and Iw may be 
detected, and only these two currents may be used, in such a control method, it is not necessary 
to determine the remaining phase current Iu in a control state in which two phase currents Iv and 
Iw have been detected or determined. 

[0044] Thus, according to the above-described detection of current, by setting 

measurement times T1-T6 of power source current Idc at all of the uppermost points and all of 
the lowest points of reference chopping wave BTW with a predetermined frequency, the 
measurement of current may be accomplished at a center in the high level interval or a center in 
the low level interval in V-phase output OSv and W-phase output OSw, a sufficient time may be 
ensured to avoid difficulty in measuring current between two times sequential to each other, for 
example, between measurement times Tl and T2. Moreover, because the measurement of 
current may be accomplished at a center in the high level interval or a center in the low level 
interval in V-phase output OSv and W-phase output OSw, pulsation of current due to PWM 
control also may be minimized. Therefore, even if power source current Idc is measured at the 
respective measurement times, the measured value may avoid errors due to insufficient 
separation between measurement times or pulsation of current or the like, thereby detecting 
respective phase currents Iu, Iv, and Iw with a high degree of accuracy. 

[0045] Further, because measurement times T1-T6 of power source current Idc are set at 

all of the uppermost points and all of the lowest points of reference chopping wave BTW with a 
predetermined frequency, even if the duty ratios of V-phase output OSv and W-phase output 
OSw vary, the measurement timings may not vary. Therefore, the phase current may be detected 
by measuring the power source current at a constant period according to the frequency of 
reference chopping wave BTW. By carrying out the measurement of phase current at a constant 
period, the stability of motor drive control due to inverter 2 may be improved. 
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[0046] Although the detection of current is shown in the above-described embodiment 

wherein, from W-phase current Iw and V-phase current Iv measured at two measurement times 
sequential to each other, U-phase current Iu which may not be measured at both measurement 
times, is determined, as respective phase currents Iu, Iv, and Iw shown in the central portion of 
Fig. 6. In a situation in which the respective phase currents Iu, Iv, and Iw do not vary or the 
variations are very small relative to the phase current in one period or over a plurality of 
continuous periods of reference chopping wave BTW, it is possible to estimate a phase current, 
which may not be measured at a predetermined detection time, based on power source current 
Idc measured at three measurement times sequential to each other over a one and one-half (1.5) 
period of reference chopping wave BTW. For example, when W-phase current Iw(T2), which 
may not be measured at measurement time T2, is estimated, the W-phase current Iw at 
measurement timing T2 may be determined by the equation: Iw(T2)=(Iw(Tl)+Iw(T3))/2 from 
W-phase current Iw(Tl) measured at measurement time Tl and W-phase current Iw(T3) 
measured at measurement time T3. 

[0047] Further, it is possible to estimate a phase current, which may not be measured at a 

predetermined detection time, based on power source currents Idc at four measurement times 
sequential to each other over two periods of reference chopping wave BTW. For example, when 
W-phase current Iw(T4), which may not be measured at measurement timing T4, is estimated, 
the W-phase current Iw at measurement timing T4 may be determined from an equation of 
Iw(T4)=Iw(T3)+(Iw(T3)-Iw(Tl))/2 from W-phase current Iw(Tl) measured at measurement 
time Tl and W-phase current Iw(T3) measured at measurement time T3. 

[0048] Similar to the above-described method, a phase current, which may not be 

measured at a predetermined detection time may be estimated, based on power source currents 
Idc at five or more measurement times sequential to each other over two and one-half (2.5) or 
more periods of reference chopping wave BTW. 

[0049] On the other hand, as with respective phase currents Iu, Iv, and Iw shown in the 

lower portion of Fig. 6, when the respective phase currents Iu, Iv, and Iw vary in one or a 
plurality of continuous periods of reference chopping wave BTW, although the above-described 
estimations may be possible, the following method may obtain a more accurate value. For 
example, W-phase current Iw(T2) at measurement time T2 is estimated by the equation: 
Iw(T2)=(Iw(Tl)+Iw(T3))/2 from W-phase current Iw(Tl) measured at measurement time Tl and 
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W-phase current Iw(T3) measured at measurement time T3, W-phase current Iw(T4) at 
measurement time T4 is estimated by the equation: Iw(T4)=(Iw(T3)+Iw(T5))/2 from W-phase 
current Iw(T3) measured at measurement time T3 and W-phase current Iw(T5) measured at 
measurement time T5, and W-phase current Iw(T3) at measurement time T3 is estimated by the 
equation: of Iw(T3)=(Iw(T2)+Iw(T4))/2 based on estimated, W-phase current Iw(T2) at 
measurement time T2 and estimated W-phase current Iw(T4) at measurement time T4. 
[0050] Fig. 7 depicts a timing chart showing a modification of the timing chart depicted 

in Fig. 6. In the timing chart depicted in Fig. 7, when power source current Idc is measured at 
measurement time T3, V-phase output OSv is momentarily turned to high level, and the 
measurement of current is carried out at a center of this high level interval. In this discussion, 
"momentarily" means a time interval greater than two (2) times the interval of time necessary for 
measurement of current, which is previously explained using Fig. 4, for example, more than 
about three micro (3|u) seconds, from the condition in which the measurement of current is 
accomplished at a center of the high level interval. Specifically, although power source current 
Idc measured at measurement time T3 is W-phase current Iw in the timing chart depicted in Fig. 
6, U-phase current Iu my be measured at the same measurement time T3 by momentarily 
inverting V-phase output OSv to high level when power source current Idc is measured at 
measurement time T3, as depicted in Fig. 7. 

[005 1] Therefore, if power source current Idc is measured at three measurement times Tl, 

T2, and T3, because W-phase current Iw may be measured at measurement time Tl, V-phase 
current Iv may be measured at measurement time T2 and U-phase current Iu may be measured at 
measurement time T3, respectively, respective phase currents Iu, Iv, and Iw at a time, determined 
by treating the measurement times Tl, T2 and T3 as identical, may be detected without 
calculation. Of course, a phase current, which may not be measure at another measurement time, 
may be measured by inverting at least one phase output at the measurement time. 
[0052] Fig. 8 depicts a timing chart showing another modification of the timing chart 

depicted in Fig. 6. In the timing chart depicted in Fig. 8, V-phase output OSv is inverted during 
an interval INT1 between measurement time T2 and T4 by active-high setting. Specifically, 
although power source current Idc measured at measurement time T3 is W-phase current Iw in 
the timing chart depicted in Fig. 6, U-phase current Iu may be measured at the same 
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measurement time T3 by V-phase output OSv to a high level when power source current Idc is 
measured at measurement time T3, as depicted in Fig. 8. 

[0053] Therefore, if power source current Idc is measured at three measurement times Tl, 

T2, and T3, because W-phase current Iw may be measured at measurement time Tl, V-phase 
current Iv may be measured at measurement time T2 and U-phase current Iu may be measured at 
measurement time T3, respectively, respective phase currents Iu, Iv, and Iw at a time, determined 
by treating the measurement times Tl, T2, and T3 as identical, may be detected without 
calculation. 

[0054] Although the detection of current depicted in Fig. 6 shows a detection in a two- 

phase modulation condition in which U-phase output OSu is fixed at low level, as depicted in 
Fig. 9, even in a case in which a two-phase modulation fixing U-phase output OSu at high level 
is accomplished in a condition in which comparison reference signal SVu for setting the U-phase 
output is set at an uppermost point of reference chopping wave BTW. Because V-phase current 
Iv may be measured at measurement times Tl, T3, and T5 and because W-phase current Iw may 
be measured at measurement times T2, T4, and T6, a method of current detection similar to that 
shown in Fig. 6 may be accomplished. Further, if W-phase output is momentarily inverted to 
low level when power source current Idc is measured at measurement time T3 in Fig. 9, a 
method of current detection similar to that shown in Fig. 7 may be accomplished by measuring 
U-phase current Iu at the measurement time T3. Moreover, if W-phase output OSw in a interval 
INT1 between measurement times T2 and T4 in Fig. 9 is set to be active-low setting and if the 
W-phase output OSw is inverted to low level when power source current Idc is measured at 
measurement time T3, a method of current detection similar to that shown in Fig. 8 may be 
accomplished by measuring U-phase current Iu at the measurement time T3. 
[0055] Although methods for detecting current explained with reference to Figs. 5-9 are 

based on PWM control due to two phase modulation, the above-described detection of current 
may be applied to PWM control due to three phase modulation. Hereinafter, an embodiment is 
explained referring to a timing chart depicted in Fig. 10. 

[0056] First, using a reference chopping wave BTW with a predetermined frequency, 

comparison reference signal SVw for setting a W-phase output, comparison reference signal SVv 
for setting a V-phase output and comparison reference signal SVu for setting a U-phase output 
are determined. 

DC0 1:374634.1 -12- 



PATENT 

ATTORNEY DOCKET NO. 018842.1278 

[0057] Next, U-phase output OSu, V-phase output OSv, and W-phase output OSw are set 

by chopping wave comparison method. In Fig. 10, INT 11 indicates a first period between the 
first lowest point and the second lowest point of reference chopping wave BTW from the left 
side, INT 12 indicates a second period between the second lowest point and the third lowest point 
of reference chopping wave BTW from the left side, and INT 13 indicates a third period between 
the third lowest point and the fourth lowest point of reference chopping wave BTW from the left 
side. As depicted in figure, in first period INT 11, U-phase output OSu is set at an active high 
setting, V-phase output OSv is set at an active high setting, and W-phase output OSw is set at an 
active low setting. In second period INT 12, U-phase output OSu is set at an active high setting, 
V-phase output OSv is set at an active low setting, and W-phase output OSw is set at an active 
high setting. In third zone INT 13, U-phase output OSu is set at an active low setting, V-phase 
output OSv is set at an active high setting, and W-phase output OSw is set at an active high 
setting. After respective phase outputs OSu, OSv, and OSw are thus set, voltages are applied to 
respective coil phases Uc, Vc, and Wc of brushless motor 1 in accordance with the respective 
phase outputs OSu, OSv, and OSw. Then, measurement times T11-T13 are set at the uppermost 
points of reference chopping wave BTW, power source current Idc is measured at two 
measurement times Til and T12 sequential to each other. The measurement signals of DC 
current sensor 6 at respective measurement times Til and T 12 are A/D converted by A/D 
converter 7, and thereafter, they are stored in a memory (not shown) of control unit 5 as power 
source current data at respective measurement times Til and T12. 

[0058] Because at measurement time Til, U-phase output OSu and V-phase output OSv 

are high level and W-phase output OSw is low level, power source current Idc measured at the 
measurement time Til becomes Idc =Tw (W-phase current), and the measurement of current at 
that time is accomplished at a center of the low level interval of W-phase output OSw. Further, 
because at measurement time T12, U-phase output OSu and W-phase output OSw are high level 
and V-phase output OSv is low level, power source current Idc measured at the measurement 
time T12 becomes Idc =Iv (V-phase current), and the measurement of current at that time is 
accomplished at a center of the low level interval of V-phase output OSv. 

[0059] Next, respective phase currents Iu, Iv, and Iw are detected based on the power 

source current data stored in the memory. Because a chopping wave with a relatively high 
frequency in a range of about 5 kHz to about 20 kHz generally is used as a reference chopping 
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wave BTW for PWM control, in this embodiment, measurement times Til and T12 may be 
treated as an identical time and respective phase currents Iu, Iv, and Iw are detected at this time. 
[0060] As describe above, because power source current Idc measured at measurement 

time Til is W-phase current Iw and power source current Idc measured at measurement time 
T12 is V-phase current Iv, it is not necessary to determine the W-phase current Iw and V-phase 
current Iv by calculation. Further, because the sum of U-phase current Iu, V-phase current Iv, 
and W-phase current Iw always is zero, remaining U-phase current Iu may be derived by the 
equation of Iu=-Iv-Iw from the equation of Iu+Iv+Iw=0. 

[0061] Because the number of setting times "N" at step S7 in Fig. 5 is set at 2, power 

source current Idc is measured successively at sequential two measurement times T13 and T14 
(not shown), and respective phase currents Iu, Iv, and Iw are detected by treating the 
measurement times T13 and T 14 as an identical time in a similar manner to that described above. 
In a motor drive control method due to PWM control, because there is also a control method for 
detecting only two currents among respective phase currents Iu, Iv, and Iw and using them, in 
such a control method, it is not necessary to calculate one remaining phase current Iu in the 
situation in which the other two phase currents Iv and Iw are recognized. 

[0062] Further, because power source current Idc measured at measurement time T13 is 

U-phase current Iu, if power source current Idc is measured at three measurement times Til, 
T12, and T13, W-phase current Iw may be measured at measurement time Til, V-phase current 
Iv may be measured at measurement time T12 and U-phase current Iu may be measured at 
measurement time T13, respectively, and therefore, respective phase currents Iu, Iv, and Iw also 
may be detected at a time, when measurement times Til, T12, and T13 may be treated as 
identical, without calculation. 

[0063] Although the embodiment for driving three-phase brushless motor 1 by inverter 2 

has been described in detail above, the present invention may be applied to the detection of 
current of an inverter for driving a load, such as a motor including reluctance motor and an 
induction motor and transformer. In such configurations, advantages similar to those described 
above may be obtained. 

[0064] Although the present invention has been described in connection with preferred 

embodiments, it will be understood by those skilled in the art that various modifications of the 
preferred embodiments described above may be made without departing from the scope of the 
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invention. Other embodiments will be apparent to those skilled in the art from a consideration of 
the specification or from a practice of the invention described herein. It is intended that the 
specification and the described examples are considered exemplary only, with the true scope of 
the invention indicated by the following claims. 
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